1. INTRODUCTION {#sec1-1}
===============

Obesity is one of the greatest health problems in the world. The World Health Organization (WHO) defined obesity as a disease in which the excess of adipose tissue accumulates in such a degree that is endangers health ([@ref1]). Obesity is a very complex multifactor disease that is developed under the influence of genetic and metabolic factors, environment, social and cultural environment as well as bad habits. The causes of obesity can be numerous. The most common source of obesity is the development of energetic imbalance. When there is an increased intake of high calorie food rich in fat and refined sugar combined with low physical activity, that extra energy is stored in the body in the form of fat. Moreover, research shows a significant genetic factor in the development of obesity ([@ref2]). Resistance to leptin is also considered to be one of the causes of obesity. Leptin is a hormone that is mostly produced by adipose tissue. Leptin acts as a signal molecule and by biding itself to its receptors in hypothalamus it maintains a homeostasis of an organism. With a range of regulative mechanism it leads to a lower storage and better usage of fat. In states of reduction of energy supplies and starvation, leptin levels in blood get lower. It is believed that in obese people a resistance to leptin was developed because their levels of leptin are high ([@ref3]). Obesity has become one of the leading threats to health in the world. The prevalence of obesity is increasing on almost all of the continents and in all of the developed countries ([@ref4]). The prevalence of obesity in the United Kingdom was 20 %, which places it behind United States where the prevalence of obesity is 34%. Despite the alarming results, the prevalence of obesity shows growth tendency in both countries. According to some prognosis, without a systematic intervention and with the current growth rate, the prevalence of obesity will grow up to 50% in adult population until year 2050 therefore causing great expenses to health system ([@ref5]). To diagnose obesity certain anthropogenic measurements are used, more specifically, measurement of body mass index (BMI), waist line, waist and hips ratio and skinfold measurement ([@ref6]). Body mass index (BMI) is an internationally accepted index to define obesity. Body mass index (BMI) is a simple index of weight-for-height that is commonly used to classify overweight and obesity in adults. It is defined as a person's weight in kilograms divided by the square of his height in meters (kg/m^2^). It is a simple, safe, non-invasive and cheap way of estimating body mass and health ([@ref7]). The American Institute of Medicine defined normal body weight as BMI 18.5-24.9 kg/m^2^, overweight as BMI 25- 29.9 kg/m^2^ and obese as BMI of 30 kg/m^2^ and more ([@ref8]). The fertility of obese and overweight woman is significantly reduced in comparison to women with normal body weight. Mother's overweightness before pregnancy has a negative effect on the health of the mother and the newborn. Pregnant women with BMI over 24.9 kg/m^2^ have a higher risk of complications during pregnancy, such as gestational diabetes mellitus (GDM), hypertension, preeclampsia and caesarian section. The fetuses of pregnant women with BMI higher than 24.9 kg/m^2^ have a higher risk of premature birth, congenital anomalities, fetal macrosomia with possible injuries during birth and overweightness. Higher body mass and high BMI in the first trimester and a higher increase in body weight during pregnancy, as well as increased concentration of insulin, glucose, triglyceride, cholesterol and leptin in the serum of mothers significantly influence the body weight of infants. Women with BMI\<25 kg/m^2^ in the first trimester give birth to children with a lower birth mass that those women with BMI≥ 25 kg/m^2^, women with a lower increase of body weight during pregnancy give birth to children with lower birth weight than those women with a higher increase. Women with BMI≥ 25 kg/m^2^ and higher give birth to largest children, while women with BMI\< 19 kg/m^2^ give birth to smaller children than women with normal weight. Overweight women with BMI\> 30 kg/m^2^ have the lowest weight increase ([@ref9]-[@ref19]).

2. AIM {#sec1-2}
======

The goal of this study was investigated the associations between pre-pregnant body mass index (BMI1) and gestational weight gain (GWG) with term perinatal outcomes of mothers and their newborns.

3. MATERIAL AND METHODS {#sec1-3}
=======================

A retrospective study of medical records in the Department of Obstetrics and Gynecology, University Clinical Hospital in Mostar was conducted. It included 1300 pregnant women and their children that were delivered in the time period from January 1^st^ 2015 to December 31^st^ 2015.

Parameters for the inclusion of pregnant woman in the study were: body mass index in the early (BMI 1) and in the end stages of the pregnancy (BMI 2), weight gain, parity, age, method of delivery (spontaneous delivery, cesarean section, vacuum extraction), gestational age, complications during pregnancy (gestational diabetes mellitus - GDM, pregnancy induced hypertension- HTA, preeclamsia, bleeding). Parameters for inclusion of newborn infants were: birth weight, gender, vitality (Apgar score), complications (birth trauma, intrauterine growth restricrition--IUGR, asphyxia, perinatal infections). The criteria to exclude pregnant women from the study were: pregnant women with incomplete documentation, those who were diagnosed with diabetes prior to pregnancy, women with multiple pregnancies, women who gave birth to newborns with congenital malformations, mors fetus in utero, stillborns.

BMI of pregnant women was measured at the beginning and at the end of the pregnancy. In addition, the weight gain during pregnancy was measured. BMI was put into categories: 1. lower body mass (\<18.5 kg/m^2^), 2. normal body weight (18.5--24.9 kg/m^2^), 3. overweight (25--29.9 kg/m^2^) and 4. obese (≥30 kg/m^2^). Weight gain was marked as: 1. small (\< 8 kg), 2. normal (8-16 kg) and 3. excessive (\>16 kg).

Depending on the body mass index, pregnant women were divided into three groups: 1. those who had a regular body mass index, 2. overweight and 3. obese. Risk factors were observed during the pregnancy, delivery and in early neonatal period. BMI was calculated as a ratio of body mass in kilograms and square meters of height in meters. Height and weight were measured by Seca mechanical scale with a hight scale.

Data was collected in MS Excel (version Microsoft Excel 11, Microsoft Corporation, Redmond, WA, USA). To conduct a statistic analysis of obtained data a software system was used (version 17.0, SPSS Inc., Chicago, Illinois, USA) SPSS for Windows (version 17.0, SPSS Inc., Chicago, Illinois, USA). Nominal variables are shown as frequency and percentage, while continuous variables are shown as arithmetic average. To research the difference between categorical variables, a Chi square test was used, while Fisher's exact test was used when there was a lack of expected frequency. To test differences between parametric variables a one side analysis of variance was used, while to test multiple comparisons a Scheffe post hoc test was used. Probability of *p*\< 0.05 was taken into consideration as statistically significant.

4. RESULTS {#sec1-4}
==========

It was conducted a retrospective study which involved 1300 pregnant women who gave births in the Department of Obstetrics and Gynecology of University Clinical Hospital in Mostar in the period from January 1^st^ 2015 to December 31^st^ 2015 and their newborns.

The difference in age of pregnant women with different body mass index was not statistically relevant. The average age of pregnant women with normal body mass was 29.52 ± 5.48, overweight pregnant women 30.30 ± 5.138, and obese pregnant women 30.00 ± 5.103 (F = 2.730; p = 0.066). The youngest was 24, and the oldest was 49 years old. The average gestational age at delivery was 39.23 ± 1.556 (min 28; max. 42 weeks of gestation). The majority of pregnant women; 660 of them (50.8 %), were overweight in the early stages of their pregnancy, there were 322 (24.8 %) obese women, and there were 318 (24.5 %) normal weight women. At the end of the pregnancy, the highest number was that of obese pregnant women 925 (71.2 %), while 328 (25.2 %) pregnant women were overweight, and only 47 (3.6 %) pregnant women had normal weight.

As far as weight gain is concerned, the majority of pregnant women, that is 800 (61.5 %) of them, had normal weight gain, while 434 (33.4 %) pregnant women had excessive weight gain and 66 (5 %) pregnant women had low weight gain. The majority of pregnant women were obese at the end of their pregnancy. Spontaneous deliveries occurred most often that is 818 (62.9 %), while caesarean sections occurred 274 (21.1 %), induced labour 181 (13.9 %) and vacuum extraction 27 (2.1 %).

The majority of woman, 1124 (86.5 %), didn't experience any complications during pregnancy, while 176 (13.5 %) pregnant women experienced certain complications in pregnancy. The most common complication during pregnancy was bleeding (8.2 %), pregnancy induced hypertension (2.4 %), preeclampsia (1.8 %), gestational diabetes mellitus (1.2 %). As far as infants are concerned, the majority of them, 1119 (86.1 %), were without complications, while 181 (13.9 %) of them had complications. The most common complication in infants was perinatal infection 97 (7.5 %) and birth trauma (3.6 %). Body mass index at the beginning of pregnancy has proved itself as significant statistic element in determining the mode of delivery ([Table 1](#T1){ref-type="table"}). The caesarean section, as a method of delivery, occurred most often in the group of overweight and in the group of obese pregnant woman (p\< 0.001). Body mass index of pregnant women at the beginning of their pregnancy (BMI 1) and body mass index of pregnant women at the end of their pregnancy (BMI 2) proved to be a significant statistic element in the development of complications during pregnancy; the largest number of complications was in the group of obese pregnant women (hypertension 5.6 %, preeclampsia 2.5 %, bleeding (5.6 %), GDM 3.1 % (χ^2^ = 52,130; p\< 0.001\*) ([Table 2](#T2){ref-type="table"}). On the other hand, the body mass index of pregnant women in the early stages of pregnancy was not an important statistical element of development of complications for infants (χ^2^ = 15.485; p = 0,082\*). Statistically, there is no notable difference in gestational age considering the body mass index before pregnancy (F = 0.221; p = 0.802).
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The distribution of pregnant women according to body mass index at the beginning of pregnancy and the method of delivery
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The distribution of pregnant women according to their body mass index at the beginning of their pregnancy and by complications in mother and infants
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There is a statistically significant difference in the weight of infants in reference to pregnant women with different body mass index (F = 21.509; p\< 0.001). The average birth weight of infants of obese pregnant women was significantly larger in comparison to infants of normal or overweight woman. Body mass index at the end of the pregnancy (BMI 2) has proven to be a significant statistical elements in determining the method of delivery (χ^2^ = 22.751; p\< 0.001). In the group of obese women there was a higher percentage of births with caesarean section (23.9 %) in comparison to those with normal (10.6 %) or higher than normal body mass i.e. overweight (14.6 %). Body mass index at the end of the pregnancy (BMI 2) proved to be statistically significant element in the development of complications during pregnancy (χ^2^ = 22.152; p = 0.007\*), nor as a significant element of development of complications in newborns (χ^2^ = 13.603; p = 0.139\*) ([Table 3](#T3){ref-type="table"}). The difference in gestational age in pregnant women of different body mass is statistically significant (F = 3.048; p = 0.048) ([Table 4](#T4){ref-type="table"}). The difference in the body mass of infants of pregnant women with different body mass index at the beginning and at the end of pregnancy is statistically significant. Obese pregnant women gave birth to heavier children (3501.55 ± 475.483 g) than women with normal body mass (3070.85 ± 527.421g) or overweight (3313.31 ± 440.204 g) (F = 34.512; p\< 0.001) ([Table 4](#T4){ref-type="table"}). The difference in vitality of infants in reference to different body mass of pregnant women was not statistically significant (F = 1.79; p = 0.167) ([Table 4](#T4){ref-type="table"}). Weight gain of pregnant women did not show itself to be statistically significant element in the development of complications during pregnancy (χ^2^ = 16.928; p = 0.055\*), nor as a significant element of determining the mode of delivery (χ^2^ = 7.250; p = 0.298\*), nor as a significant element of development of complications in newborn infants (χ^2^ = 2.958; p = 0.982\*). However, the difference in parity of pregnant women of different body mass index was statistically relevant (F = 9.121; p\< 0.001) ([Table 5](#T5){ref-type="table"}). Pregnant women with an excessive weight gain have a lower parity in comparison to pregnant women with small or normal weight gain. The difference in gestational age of pregnant women with different body weight is statistically significant (F = 12.841; p\< 0.001). Pregnant women with excessive weight gain have a higher gestational age (39.4 ± 1.468), that is they gave birth later in life in comparison to those with a small (38.50 ± 2.255) or normal weight gain (39.46 ± 1.468) ([Table 5](#T5){ref-type="table"}). The difference in weight gain of infants delivered by mothers with different body mass is statistically significant (F = 30.218; p\< 0.001). Pregnant women with excessive weight gain gave birth to heavier infants (3569.46 ± 452.087 g) in comparison to those with lower (3197.73 ± 547.331 g) or normal weight gain (3387.29 ± 473.183 g) ([Table 5](#T5){ref-type="table"}). Difference in age of pregnant women is statistically relevant (F = 9.706; p\< 0.001). The results have shown that a lower weight gain is present in older pregnant women (32.05 ± 5.874), and that normal (30.06 ± 4.966) and excessive weight gain (29.26 ± 5.196) is present in younger pregnant women (p\< 0.001) ([Table 5](#T5){ref-type="table"}). Difference in vitality of infants according to body weight gain is not statistically significant (F = 0.152; p = 0.859).
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The distribution of pregnant women according to their body mass index at the end of their pregnancy and by complications found in mother and infants. BMI = body mass index; GDM = Gestational diabetes mellitus; HTA = Hypertension in pregnancy; IUGR = Intrauterine Grouth Restriction (IUGR)
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The distribution of pregnant women according to their body mass index at the end of pregnancy (BMI 2), by average age, gestation, parity, birth weight and Apgar scor of newborns. \* Fisher's exact test. BMI = body mass index
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The distribution of birth weight of infants, gestation, parity and average age of pregnant women according to their weight gain during pregnancy
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5. DISCUSSION {#sec1-5}
=============

Obesity and increasing of obesity in young women is a major public health problem in the entire world and the same is in Bosnia and Herzegovina. We are facing pregnant women with high body mass index or obesity in clinical practice more and more often. Obesity and overweightness can result in adverse pregnancy, childbirth, and neonatal outcomes ([@ref20]). Furthermore, the results of this study have shown that to be the case.

In early stages of pregnancy, the majority of pregnant women were overweight 50.8 %, there were 24.8 % obese women and 24.5 % had normal weight. At the end of the pregnancy, the highest number was obese pregnant women 71.2 %, while 25.2 % pregnant women were overweight, and only 3.6 % pregnant women had normal weight.

As far as weight gain is concerned, the majority of pregnant women, that is 61.5 % of them, had normal weight gain, 33.4 % pregnant women had excessive weight gain and 5 % pregnant women had low weight gain. The average weight gain of a healthy pregnant woman is 11.5 kg, and about 2.5--3.5 kg of that is in body fat supplies. A higher weight gain, in absence of pathological conditions such as preeclampsia and related edema, is mostly a result of a larger amount of body fat. Adipose tissue (body fat) as an active endocrine organ can lead to endothelial dysfunction of blood vessels in mother and placenta, which can lead to expectation of a bad perinatal result ([@ref2], [@ref3], [@ref4]).

In the study conducted by Reylonds and Inder 2014, the frequency of obese pregnant women at the end of their pregnancy was 35 %, which is twice less than in our research ([@ref14]). In the study from Dale Country, Wisconsin year 2011, 50.6 % of pregnant women were overweight which is twice as much as in our study ([@ref15]).

In our study, it was shown that the body mass index in the early stages of pregnancy (BMI 1) and in the late stages of pregnancy (BMI 2) has a significant influence on the method of giving birth. When it comes to overweight and obese pregnant women, it was proved that there is a higher frequency of caesarean sections and vacuum extraction deliveries in comparison to pregnant women with normal body weight (p\< 0.001). Within the group of obese pregnant women there is a higher percentage of caesarean sections (23.9 %) in comparison to those with normal (10.6 %) and excessive body weight (14.6 %). Numerous studies have shown a higher frequency of caesarean sections in overweight and obese pregnant women ([@ref18]-[@ref25]).

A study conducted in Germany from 1990 to 2012 revealed that the frequency of caesarean section in case of overweight pregnant women was 38.8 % and in case of obese women it was 45 %, which is a higher frequency than in our study ([@ref16]). A study conducted in Brazil in 2012 shows an increased frequency of caesarean sections as well as proportional increase in the frequency of caesarean sections in relation to increased weight gain ([@ref17], [@ref31], [@ref32]).

Body mass index in the early stages of pregnancy (BMI 1) and body mass index of pregnant women at the end of their pregnancy (BMI 2) proved to be a significant element in the development of complications during pregnancy; the highest amount of complications during pregnancy occurred in the group of obese pregnant women. The following complications occurred: hypertension (5.6 %), GDM (3.1 %), preeclampsia (2.5%) (p \< 0.001\*). In addition, weight gain did not prove itself to a significant factor for the development of complications during pregnancy (p = 0,055\*), nor as a significant factor in determining the method of childbirth (p = 0.298\*). Pregnant women that were overweight or obese had a higher frequency of GDM, hypertension during pregnancy and preeclampsia, while women with normal body mass index had a higher rate of bleeding.

A number of significant studies have shown that larger BMI, that is the when a women is overweight or obese, influences the development of gestational diabetes, pregnancy hypertension and preeclampsia. It has been estimated that compared to women with a normal BMI, the risk of pregnancy diabetes is 2 and 4 times higher in overweight and obese women, respectively ([@ref18]-[@ref25], [@ref31], [@ref32]).

The body mass index in the beginning of pregnancy (BMI 1), as well as weight gain during pregnancy were not significant factors in the development of complications in newborns (p = 0.082\*; p = 0.928\*), while newborns of pregnant women with excessive body weight gain and obesity at the end of the pregnancy had a higher frequency of perinatal infections (8.5 %) and trauma (3.8 %) in comparison with pregnant women with normal body mass (2.1 %). A study by Cresswell JA et al. conducted in Sub-Saharan Africa showed a higher frequency of perinatal infections in obese women ([@ref22]). According to a study conducted in Sweden in 2014, a high mothers BMI equals a higher risk for development of asphyxia and bad clinical presentation of a newborn ([@ref23]).

Our study revealed that a higher body mass index of mothers at the start and the end of the pregnancy as well as a higher weight gain during pregnancy, cause higher body mass of infants (p\< 0.001). The same results were obtained in some other studies ([@ref19]-[@ref24]) while a study conducted in Washington showed opposing results according to which women with a higher BMI gave birth to underdeveloped children more often ([@ref25]).

In addition, the results have shown that older pregnant women and women who gave birth more than once have a lower weight gain during pregnancy and that with the increase of parity pregnant women have a higher body mass index at the beginning of the pregnancy (p\< 0.001). The results conducted by Kashanian et al. (2008) showed that mother's weight gain during pregnancy was considerably lower in obese women, which is consistent with the results of our study ([@ref20]).

The results have shown that the pregnancy lasts longer with pregnant women with a higher body mass index and a higher gain (p\< 0.001). A retrospective study of 9336 births at the University of California, San Francisco showed that a higher BMI is associated with prolonged gestation at term. Authors concluded that achieving an optimal BMI before conception may reduce the risk of post-term pregnancy and its associated complications ([@ref26]).

In addition, numerous studies have shown a lower sum of Apgar scale in infants of obese mothers, while our study did not show that there are statistically significant differences in the vitality of newborns according to body mass index of mothers at the beginning and the end of their pregnancies or depending on weight gain of mothers during pregnancy, one of the possible reasons being the small sample size ([Table 4](#T4){ref-type="table"}) ([@ref9],[@ref20],[@ref28]). Abnormal BMI was not associated with poor pregnancy outcomes in cohort of Cameroonian women ([@ref33]).

It is not clear whether obesity is a direct cause of adverse pregnancy outcome or whether the association between obesity and adverse outcome is due to factors or characteristics that are shared by both entities, such as advanced maternal age, higher gravidity and associated complications in pregnancy. Women who were obese or overweight before pregnancy have a higher risk for complications during pregnancy and delivery and they can also expect more health problems occurring to their children, both in infant age and later in life. Therefore, women with a high BMI need more care during pregnancy and childbirth which requires high expenses ([@ref29], [@ref30], [@ref34]).

The health of the mother and children in most societies is protected by law and considered important for numerous reasons. Mother and children are biologically more sensitive and more subject to influences from environment. The reproductive ability and health of the next generation of adults depends (besides on the gene factor) directly on preconception, prenatal and perinatal period as well as the environmental risk factors ([@ref9], [@ref31]).

Finally, we acknowledge the small sample size as being a weakness of the present study, but this was due to it being a retrospective study carried out in hospital over a period of one year only. It is certain that there is a need for preconception advisement that would cover the topic of reduction of body mass and exercise, as well as a need for multidiscipline approach before the planned pregnancy. It is our belief that the results of this study can direct attention to the importance of determining body mass index and body mass gain in antenatal care of pregnant women which would surely lead to better perinatal results.

6. CONCLUSION {#sec1-6}
=============

Nutritive status and weight gain of a mother during pregnancy are an important indication of her health and of the foetus growth. Overweightness and obesity of a mother before pregnancy and during pregnancy has a negative influence on the health of the mother and infant. Moreover, it is linked with a negative pregnancy outcome. BMI was associated with a increased risk of adverse perinatal outcome.
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